Introduction
This paper presents an attempt to produce the information about distributions of longterm exposure to ammonia for four different groups of inhabitants, as a continuation of wider exposure investigation performed in Zagreb [1, 2] . The living-room was chosen as the type of micro-environment representative of exposure at home. The preliminary calculations resulted in bimodal exposure distributions. The presence of small children, smokers and pets did not prove to be the cause, although there was a slight correlation [3] between the number of cigarettes smoked and ammonia concentration (R 2 = 0.243). Finally, by dividing the households into two separate subgroups with respect to nearby surroundings, suburbs and city centre, bimodality was excluded.
Methods

Ammonia concentration database
Ammonia concentrations were determined by means of passive samplers in 90 livingrooms in summer and in winter [4] . Households were placed in two different groups, city centre and suburbs. The main difference between these two categories was so-called green areas (parks, gardens, etc.) in the near surroundings of the household. Sample duration was one week. For ammonia collection Whatman No. 1 filters impregnated with 3 per cent oxalic acid in ethanol were used [5] . The diffusion coefficient of ammonia in the air was taken to be DNH 3 = 0.198 cm 2 s -1 [6] . After sampling, filters were immersed in a H 2 SO 4 solution (0,002 Ml-1) and the extract was analysed for ammonia using Nessler's colorimetric method. The detection limit was 0.8/µg in a sample or 8.0 µm -3 for a 48-hour exposure. Summaries for the concentration data are presented in Table I .
Time budget database
The four population groups chosen to describe the majority of the Zagreb population were high-school students, university students, employed and retired persons. Time budget data for these population groups were described bySega and Fugas [7] . It was assumed that the activity patterns were not seasonally dependent (except during summer holidays). Summaries for the time budget data are presented in Table II .
Exposure distribution calculation
The third type of Cartesianization method [8] was used for exposure distribution determination. It was assumed that microenvironment concentrations of ammonia were stochastically independent of activity patterns. Indeed, no specific activities that could effect ammonia concentrations were expected to 
Results
The calculated exposure distributions for different combinations of household and population groups, for both seasons, are presented in Table III . The size of the sample for each distribution (n = the product of concentration data and time budget data totals), median (E 50 ) and maximum values (E max ), as well as the values equalling or exceeding a certain percentage of the results (E xx% ) are shown. Empirical data were fitted to several types of distributions (Normal, Lognormal, Erlang, Gamma, Weibull). The goodness of fit was tested by Kolmogorov-Smirnov test. Each distribution is presented with its expectation and variance.
Results show that average exposures are quite low in the city centre. There was no significant difference between summer and winter results. The main difference was in the shape of distribution curves. Summer results were best fitted by a combination of two Normal curves, resulting in bimodal distributions (Figure 1 ). This bimodality could be explained by possible sources of Average exposures in suburbs were about twice as high, compared to those in the city centre. Summer results could be fitted by Normal and winter results by Erlang distributions. The seasonal difference is obvious, showing higher results during summer (Figure 3 ). This could be explained by much higher air exchange in the households with ambient air as a consequence of widely opened windows during summer.
Discussion and conclusions
Calculated exposure distributions vary among themselves in two ways: as the result of differences among concentration levels assessed for each household type (source existence and its strength ) and time budget data for each population group. All the results were low compared to the guideline value of 200 µgm -3 . From the results the following can be concluded:
• There is a significant difference between ammonia exposure levels in city centre and suburbs.
• Outdoor ammonia sources evidently contribute to human exposure in households. The contribution is seasonally dependent and is higher in summer because of natural ventilation through open windows.
• Different population groups exhibit different exposure distributions, as a consequence of the amount of time that members of a group spend at home. • Comparison of the results with the guideline limit for long-term exposure to ammonia of 200 µgm -3 shows that ammonia exposure does not present an environmental problem in Zagreb.
